Purpose Screening for lung cancer with low-dose computed tomography is endorsed by the US Preventive Services Task Force, but many eligible patients have yet to be offered screening. Major barriers to the implementation of screening are physician and system related-the requirement for a detailed smoking history, including pack-years, to determine eligibility. We conducted this pilot to determine the feasibility of lung cancer screening (LCS) promotion that would offer screening to eligible persons and patient completion of smoking history to estimate the size of the population of former smokers who may be eligible for LCS in a single health care system.
INTRODUCTION
Five years after the publication of the National Lung Screening Trial, implementation of lung cancer screening (LCS) remains a challenge for health care systems. Dugan and Cohen [1] [2] [3] [4] have noted barriers to the implementation of new health care services at the level of the patient, physician, and practice organization. Unlike many screening services, which are offered on the basis of age and/or sex, LCS eligibility is also based on smoking history details. In addition to age criteria (age 55 to 80 years), eligible persons must have smoked for at least 30 pack-years, or the equivalent of one package of cigarettes each day for 30 years. In addition, former smokers must have quit less than 15 years before screening. The electronic health record (EHR) has limitations in identifying all those who are eligible for LCS. 2, 3 Of importance, although the smoking status-current, former, or never-is generally indicated in the EHR, details that are required to calculate pack-years are frequently absent. Determining screening eligibility among former smokers is particularly challenging because quit date is also frequently absent. A recent study demonstrated a 96.2% discordance between patient report and the EHR record of smoking history. 5 Furthermore, the EHR underreported smoking history such that 54% of patients would have been erroneously deemed ineligible if using the EHR alone.
Many patients use an electronic patient portal in the EHR for different health care needs, including communication and preventive care reminders. 6 In fact, screening uptake is improved when patients are directly contacted-using electronic or paper mailing-for screening promotion. [7] [8] [9] Patientdirected, health-related surveys have demonstrated better response rates than surveys of any format to other groups, such as health care providers. 10 Recent studies have also shown that electronic options have a higher yield than paper. 7, 11 interact with the EHR portal than older patients 12 ; however, this is not uniformly observed. 6, 13 We are interested in whether the electronic patient portal can be used to promote LCS to possibly eligible persons. The objectives of this study, among former smokers, were to test the effect of targeted electronic messages to promote LCS, 1 test the feasibility of electronically collecting a complete smoking history, 2 and assess LCS completion rates among those who received electronic promotion messages compared with usual care. 3 We also considered the potential for electronic smoking history completion to estimate the proportion of eligible persons in our health care system.
PATIENTS AND METHODS

Patient Selection
Eligible patients were former smokers who were seen in primary care or pulmonary clinics at the University of Minnesota within the past 2 years. All patients age 55 to 79 years who were active in the EHR patient portal were identified. We excluded Medicare patients, as reimbursement requires face-to-face visit; current smokers, because they should have smoking cessation assistance concurrently with LCS; patients who had already had LCS; and patients being treated for lung cancer. A population of 642 patients met inclusion criteria, and 200 patients were randomly selected (Fig 1) . Sample size was determined using NCSS Statistical Software (Kaysville, UT) on the basis of a twosided z-test with pooled variance for two independent proportions. A 20% difference in primary outcome-LCS completion-was predetermined to be clinically meaningful and warranted additional consideration of this intervention.
Patients were randomly assigned in block sizes of four and eight to electronic promotion of LCS or usual care, and stratified by age (55 to 65 years or 66 to 79 years) on the basis of the distribution of age groups observed in our clinic population.
Electronic Promotion of LCS
Participants who were randomly assigned to electronic promotion were sent messages in the patient portal that informed them of their potential eligibility for a new preventive health care service. The message included a questionnaire that was linked to their smoking history in the EHR, which could be reviewed and modified by the patients. The letter instructed recipients to determine the number of years of smoking on the basis of the age at which daily smoking started and stopped, and to estimate the number of packs of cigarettes smoked each day for the time they were a smoker.
To avoid influencing responses, the letter did not include eligibility criteria for LCS. All respondents were sent a follow-up portal message to indicate eligibility for LCS and to inform them of the risks and benefits of screening. If eligible, an order for LCS was placed in the chart and the patient was provided imaging scheduling information. The initial electronic messages were all sent on January 1, 2016. If a patient failed to read the message after 30 days, a duplicate electronic message was sent. Patients who failed to read the second message were sent a letter via the US Postal Service with the same information.
Usual Care
Participants in the usual care group did not receive electronic messages. Neither smoking history completion nor LCS were offered to them or their primary care providers. If the patients or primary care providers considered LCS, it would have been ordered via the EHR and scheduled as any other imaging test might be.
Data Collection
The following data were collected in the electronic promotion group: number of participants who read the electronic message, number who responded to the message, number who completed smoking history, number who were eligible for screening by self-reported smoking history, and number of screening examinations completed. For each patient, we noted whether smoking history had previously been completed by a member of the health care team or was incomplete. Only prior completion, not the actual history values, was noted. We also recorded the presence of recent diagnostic chest computed tomography scan and time since and type of last encounter. In the usual care group, chart review was performed to determine smoking history and whether LCS was completed.
Primary outcome was the proportion of patients who underwent LCS within 6 months of study enrollment. Secondary measures were the proportion of respondents in the electronic message group and proportion of patients who were eligible for screening. We estimated the proportion of former smokers who were eligible for screening on the basis of available smoking history, determined after the intervention.
Statistical analysis included the Wilcoxon rank sum test for quantitative characteristics and Fisher's exact test for categorical items. P values , .05 were considered statistically significant. We calculated that a sample size of 100 patients per group would have 80% power to detect a 20% difference between groups in the proportion of patients who completed LCS within 6 months (primary outcome).
This study was exempted from review by the University of Minnesota Twin Cities institutional review board and approved by the directors of the clinics that were included.
RESULTS
Three patients were randomly assigned to electronic promotion but did not receive intervention because they were patients of the principal investigator (A.L.B.) and were known to be ineligible for LCS. Baseline participant characteristics were similar between groups (Table 1) . Two thirds of participants in the electronic promotion group read the message (66 of 99) and 36% of those responded (24 of 66). Most respondents (19 of 24) completed smoking history information using the hyperlink to the questionnaire to directly update smoking history in the EHR. Ten participants in the electronic promotion group and 13 participants in the usual care group were eligible for screening on the basis of EHR smoking history, as determined after intervention (Table 2) ; however, five participants in the electronic promotion group had a recent diagnostic computed tomography scan for another reason and, therefore, did not receive an order for low-dose computed tomography screening exam. Four eligible participants underwent screening in the intervention group compared with one participant in the usual care group. Less than one half of patients (44%) had complete smoking history in the EHR history section before this pilot study. Most participants who used the smoking history EHR questionnaire (16 of 19) were not eligible for screening. After intervention, 18 participants in the electronic promotion group and 26 in the control group had insufficient smoking history to determine eligibility for LCS. Some incomplete smoking histories were sufficient to preclude eligibility for screening on the basis of remote quit date (ie, they had quit . 15 years ago, but had incomplete pack-years history). Similarly, some smoking histories were complete without patients filing the EHR history questionnaire, which permitted the confirmation of eligibility (ie, a current one-pack-per-day smoker who started 30 years ago).
There was no significant difference in age between participants who read or responded to messages and those who did not. Those who read messages had a longer median time since last encounter compared with those who did not read the message (1.8 years v 1.5 years; P = .033).
DISCUSSION
In this sample of former smokers who were in the age range of those eligible for LCS, the majority of recipients read an electronic message but did not respond to the message. Most respondents successfully updated their EHR smoking history using a hyperlink to their chart. We estimated that 12% of former smokers were eligible for screening on the basis of their detailed smoking history. There was no statistically significant increase in screening among the intervention group; however, one half of participants in the electronic promotion group who were otherwise eligible for screening had recently had low-dose computed tomography for some other reason and, thus, did not receive the offer of LCS, which diluted the effect of the intervention. Although this pilot study did not show significant effect, additional studies should be conducted to leverage the cost-and time-efficient technique of electronic promotion. Potential benefits include improving the quality of EHR smoking data, educating patients and health care providers, and increasing the identification of patients who are eligible for LCS. Electronic promotion alone will not reliably reach all eligible patients because of the incomplete penetration of patient portal engagement.
To our knowledge, this is the first published study of the electronic promotion of LCS. A proactive mammography scheduling protocol 7 showed improvement of uptake at the Mayo Clinic, whereas targeted informational mail improved mammography in Medicare beneficiaries. 9 Others have shown improvement in compliance with recommendations using EHR tools. 12 Furthermore, the stigma of smoking-associated cancers 15 may have influenced the patient response rate.
Limitations of this study include the sample size, which was small, and that the study was conducted at a single institution. Some data, including quantification of the pack-year history, were not available for all patients. Blind assignment was not possible as a result of the visibility of portal messages to all reviewers of a patient's EHR; however, visibility was not an obstacle to achieving the desired clinical outcome because this portal message might prompt a primary care provider to discuss LCS with that patient and ultimately achieve our objective of increasing screening when appropriate.
Future steps to improve access to LCS for eligible persons may include EHR system tools to document an accurate and detailed smoking history, which will permit systematic identification of possibly eligible persons. Furthermore, targeting preventative care information might be more effective with a message signed by the participants' primary care provider rather than one signed by the study principal investigator. Such systematic identification should not supplant shared decision making, but, rather, should be a tool to improve the timely screening for eligible and interested persons.
